Previous research has demonstrated optimized processing of motivationally significant stimuli early in perception. In the present study, the time course and underlying mechanisms for such fast differentiation are of interest. We investigated the involvement of the primary visual cortex in affective evaluation of conditioned stimuli (CSs). In order to elicit learning within the visual system we chose affective pictures as unconditioned stimuli and used laterally presented gratings as CSs. Using high-density electroencephalography, we demonstrated modulation of the C1 visual event-related component for threat-related stimuli versus neutral stimuli, which increased with continuing acquisition of affective meaning. The differentiation between aversive and neutral visual stimuli occurred as early as 65--90 ms after stimulus onset and suggested involvement of the primary visual areas in affective evaluation. As an underlying mechanism, we discuss short-term reorganization in visual cortex, enabling sensory amplification of specific visual features that are related to motivationally relevant information.
Introduction
The perception of motivationally relevant visual stimuli and their efficient processing, which enable the organism to respond in a fast and appropriate way, are crucial human assets. It has been suggested that there is an attentional bias mechanism, which enhances early perception and cognitive processing of highly arousing or threat-related stimuli. Broad evidence for this hypothesis comes from a variety of behavioral, electrophysiological and imaging studies with healthy participants as well as clinical populations (Hartikainen et al., 2000; Carretie et al., 2001; Ohman et al., 2001b; Derryberry and Reed, 2002; Smith et al., 2003; Bishop et al., 2004) . The tendency for faster orientation towards threat-related stimuli seems to be stronger in anxiety patients and specifically for phobic stimuli (Ohman et al., 2001a; Fox, 2002; Mogg et al., 2004) . Previous research has shown optimized processing of affective pictures, sounds, words, emotional faces and aversive smells (Pizzagalli et al., 1999; Bradley and Lang, 2000; Anderson and Phelps, 2001; Bradley et al., 2001; Bensafi et al., 2002; Lewis et al., 2003; Keil and Ihssen, 2004) . Conditioned stimuli, often used in experimental settings to study basic learning processes and the acquisition of affective or motivational connotation, have also been reported to elicit faster behavioral responses and enhanced electrophysiological activity in humans (Hermann et al., 2000; Pizzagalli et al., 2003) . In the domain of auditory classical conditioning, research has repeatedly shown learninginduced plasticity in the receptive fields of the primary auditory areas in animals (Diamond and Weinberger, 1984; Recanzone et al., 1993; Scheich et al., 1993; Weinberger, 1998 Weinberger, , 2004 and humans (Morris et al., 1998) . As a possible underlying mechanism for such fast, experience-dependent cortical reorganization, an increase in dopamine (Bao et al., 2001) or acetylcholine release (Weinberger et al., 1995) have been proposed, possibly leading to long-term potentiation and strengthening neural connectivity. The limbic system, specifically the amygdala, has been thought to mediate these processes (LeDoux et al., 1988) . Support for this view comes from neuroanatomical and neuroimaging studies showing strong connections between the amygdaloid regions and primary auditory cortices (LeDoux et al., 1985) .
Experience-related changes of visual receptive fields, which are similar to the learning-induced cortical reorganization in primary auditory areas, have repeatedly been reported (Kapadia et al., 1994; Das and Gilbert, 1995) . More recently, the interaction between early cortical reorganization and attention has been studied in detail (Gilbert et al., 2000) . For instance, Lee and colleagues have demonstrated that increasing behavioral relevance of complex visual stimuli led to preferential processing of these stimuli in V1 and V2 neurons of macaque monkeys (Lee et al., 2002) . Studies on early discrimination of aversive visual stimuli in humans also aim to clarify the relationship between motivational significance, attention and early cortical plasticity. A recent line of evidence suggests that this differentiation involves the occipito-temporal cortices (Pizzagalli et al., 2003) . Analyses of the topographic distribution of electrophysiological brain responses, specifically of the P3 component, point in the same direction (Baas et al., 2002; Schupp et al., 2004) . Affective modulation of earlier ERP responses, e.g. the N1 and the P1 visual components, have also been reported (Keil et al., 2002; Schupp et al., 2003; Delplanque et al., 2004) , giving rise to the hypothesis that affective discrimination might be mediated by sensory gain mechanisms as proposed for selective attention Martinez et al., 2001) . In line with that notion, there is growing evidence for increased activation of primary visual areas when emotional stimuli are viewed (Lang et al., 1998; Bradley et al., 2003; Pourtois et al., 2004; Sabatinelli et al., 2004) . Taken together with anatomical studies in primates, which have found projections from the amygdala and other limbic regions directly to primary visual areas (Amaral et al., 2003) , these observations raise the question of how visual cortices are involved in affective stimulus processing. As outlined above, visual cortical activity might be mediated by the amygdaloid complex, leading to an increase of attention/awareness for affectively arousing stimuli, as has been suggested, for example, by Anderson and Phelps (2001) . Consequently, acquisition of motivational significance through learning may involve increasing amplification of threat-relevant features in primary visual cortices across time. Such tuning of early vision may rely on short-term plastic changes, which are expected to increase during exposition to reinforcement contingencies.
One way to investigate this possibility is to turn to the earliest recordable event-related response of the visual cortex and examine its sensitivity for affective content across trials. Extensive research in the domain of visual event-related potentials (VEPs) has demonstrated the existence of an early negative deflection, peaking at 60--90 ms, and labeled the C1--component, which reflects the initial response of the primary visual cortex to a stimulus (Di Russo et al., 2003) . Taking into account the topography of the C1, specifically its retinotopic properties, demonstrated for example by Hillyard and colleagues (e.g. Hillyard and Anllo-Vento, 1998) , together with evidence from imaging studies and source analysis approaches, researchers have argued that its neural generators are probably located in deep structures of the primary visual cortex, specifically the calcarine sulcus (Di Russo et al., 2002; Pourtois et al., 2004) . It has also been repeatedly demonstrated that the C1, as opposed to, for example, the P1 and N1 components, is not modulated by spatial or feature-based attention tasks when simple neutral visual stimuli, such as gratings or checkerboards, are used (Gomez Gonzalez et al., 1994; Martinez et al., 1999; Fu et al., 2001; Di Russo et al., 2003) . In a recent study, Pourtois et al. (2004) made use of a spatial attention paradigm adapted for the study of affective modulation. The authors investigated the effects of emotional cues on selective spatial attention in healthy participants, employing high-density electroencephalograhpy (EEG) and source localization techniques. They reported C1 modulation when the initial VEPs to fearful versus happy faces were analyzed, with fearful faces eliciting greater C1 amplitude than happy ones. The authors concluded that the emotional relevance of the stimuli had led to an increased activation within the primary visual cortex, possibly due to an interaction with subcortical structures responsible for the detection of threat-related stimuli in the environment.
In the present study, we sought to replicate and extend these findings by investigating the affective modulations of the C1 visual component across time. Further, we aimed to provide additional evidence for the involvement of early visual processing in the evaluation of affective stimuli and to investigate the acquisition of affective meaning. To this end, we attempted to induce learning within the visual system, employing pictures from the International Affective Pictures System (IAPS) as unconditioned stimuli (UCS) in a classical conditioning paradigm. Building on previous reports discussing the VEP with regard to the C1 component (Kenemans et al., 2000; Fu et al., 2001) , we chose small, high-contrast, eccentrically presented gratings to serve as conditioned stimuli eliciting the ERP component of interest. The electrophysiological brain potentials elicited by these originally neutral gratings were recorded during four experimental blocks, using a high-density electrode montage. In the baseline condition, no affective stimuli were presented. The gratings were shown along with affectively neutral checkerboards instead. During the two consecutive conditioning blocks one grating was paired with highly arousing unpleasant pictures, the other one with neutral ones. The extinction condition was identical to the baseline block, with affective pictures being again replaced by checkerboards (Fig. 1 ). This experimental protocol allowed for an evaluation of the early differentiation between two originally neutral stimuli, both gaining affective meaning through experimentally controlled learning and losing it again in an extinction procedure. Thus, general enhancement of early visual processing for both CSs compared to baseline and extinction was expected. In addition, we expected that with time successful conditioning will lead to differentiation between the CS+ and the CS-, as the CS+ will become associated with an unpleasant event, while the CS-will signal the absence of threat. Again, this discrimination should be highest in the conditioning blocks, reflecting greater sensitivity of visual cortex to CS+ features.
As a measure of emotional learning, we recorded participants' startle responses, elicited by a noise probe in selected trials, while the gratings were presented. Both the CS-and the CS+ can be assumed to be affectively more arousing during conditioning than during baseline and extinction. Hence, during conditioning an increase in startle magnitude for the CS+ and a decrease for the CS-compared to the startle response elicited in the intertrial intervals (ITIs), as well as to the ones elicited during baseline and extinction, were predicted.
Materials and Methods
Participants Twenty-three volunteers consented to participate in this experiment and either received course credit or a financial incentive of e20 (roughly US$25 at the time of testing). One subject withdrew from the study prior to the completion of the protocol and these data were not included in the analysis. An additional four data sets were excluded from further processing due to equipment errors. The final data set included 18 participants (9 male, 14 right-handed) with normal or corrected-tonormal vision, age range 19--33 years, of a mean age of 25.6.
Stimuli
One hundred and twenty pictures were selected from the IAPS based on their normative valence and arousal ratings (Lang et al., 1999) . The 60 unpleasant/arousing pictures showed mutilated bodies, attack scenes Figure 1 . Schematic outline of the experimental design. Small, high-contrast, eccentrically presented gratings served as conditioned stimuli (CSs). In the baseline block the gratings were shown along with neutral checkerboards. During the two consecutive conditioning blocks one grating was paired with highly arousing unpleasant pictures as unconditioned stimuli (UCSs), the other one with neutral ones. The extinction condition was identical to the baseline block, with affective pictures being replaced by checkerboards. Each trial consisted of 200 ms grating presentation, 400 ms UCS and CS presentation and a variable intertrial interval (ITI). and disgusting objects (mean valence: 2.2, SD = 0.6; mean arousal: 6.1, SD = 0.8), the 60 neutral photographs depicted landscapes, people, objects and abstract patterns (mean valence: 5.9, SD = 0.7; mean arousal: 3.8, SD = 0.9). In addition, checkerboards of four different colors (black--bright red, black--dark red, black--bright green and black--dark green) were generated to match the affective pictures in size. The affective pictures and the checkerboard patterns were presented centrally on a 19 inch computer monitor with a refresh rate of 70 Hz and subtended a visual angle of 7.2°horizontally.
Two small black and white squares (horizontal visual angle: 2.2°), differing only in grating orientation (45°or 135°), were used as CS+ and CS-. They had a spatial frequency of 2.3 cycles per degree with 100% contrast. The gratings were presented in the upper left or right visual field (eccentricity of the inner border: 3.58°). White noise bursts (50 ms; 90 dB) were used as auditory startle probes and were delivered binaurally through headphones.
Procedure
The experimental design consisted of four recording blocks: a baseline block, two consecutive conditioning blocks and a final extinction block. During the conditioning blocks the grating pattern randomly designated as CS+ was presented together with the unpleasant/arousing photographs, used here as unconditioned stimuli (UCS). The other grating pattern (CS-) was paired with the neutral, low arousing pictures; the presentation order was randomized. During the baseline and the extinction blocks, the affective pictures were replaced by the checkerboard patterns described above. They were presented without any systematic relationship between the grating pattern and checkerboard color. The timing and presentation parameters of the affective stimuli and the checkerboards were otherwise identical (see Fig. 1 ).
A total of 480 standard trials (grating followed by a checkerboard during baseline and extinction, and by an IAPS stimulus during conditioning) were presented in each of the four recording blocks, resulting in 120 trials per condition: grating orientation (45°or 135°) and visual hemifield (left or right) combination. In order to maintain vigilance during baseline and extinction, an additional 60 target trials were included, during which participants were required to respond with a speeded button press to a checkerboard of a certain color. Subjects sat at a distance of 80 cm from the computer screen. They were asked to maintain fixation of a white cross in the middle of the screen present at all times throughout recording. A chin rest was used to ensure consistency of head position and to minimize head movements.
In both the standard and the target trials, the grating patterns (CS+ and CS-) were shown for 600 ms; 200 ms after grating onset, an affective picture or a checkerboard appeared in the center of the screen, the grating square remained attached to the upper left or right corner of the centrally presented stimulus for the rest of the trial (400 ms). The intertrial interval (ITI) varied randomly between 400 and 1400 ms. The 120 affective pictures (60 unpleasant, 60 neutral) were repeated randomly eight times across the two conditioning blocks, allowing for a total of 240 trials per affective category and conditioning block.
To record subjects' startle responses, 54 startle trials per block were included. Eighteen startle probes were presented during randomly selected ITIs, 36 were delivered along with the conditioned stimuli (18 with the CS+ and 18 with the CS-) at varying times after the grating onset (700, 800 or 900 ms). During the startle trials the gratings were shown for a total of 1500 ms and were followed by a prolonged variable ITI (650--1850 ms). To prevent learning of an association between the acoustic startle and the longer grating presentations, 60 trials with prolonged grating presentation (1500 ms) but without a startle probe were intermixed in each recording block.
The experiment was conducted in two sessions on two consecutive days at the same time of the day with each participant. On day one, the protocol included informed consent, handedness and personal information questionnaires, as well as collection of EEG and startle responses during the baseline block. Two parallel versions of a mood questionnaire MDBF (Steyer et al., 1997) were administered at the beginning and at the end of this first testing session. On day two, the protocol included recording of the two conditioning blocks and the extinction block. There were breaks between the different blocks as well as in the middle of the extinction block, approximately every 15--20 min. Parallel versions of the MDBF were administered at the beginning, middle and end of the second session. In addition, during the pause between the second conditioning block and the extinction block, subjects were asked to rate four grating patterns on a scale from 1 (most unpleasant) to 4 (most pleasant). Two of the grating patterns were identical with the ones used as CS+ and CS-(45°and 135°grating orientation), the other two were new in the context of this experiment and had horizontal (180°) and vertical (90°) orientations. At the end of the extinction block participants were asked if they were aware of seeing two different grating patterns, and if they had noticed any connection between the kinds of pictures they saw and the gratings presented with them. Finally, all participants viewed the 120 affective pictures used in the experiment in pseudo-randomized order and rated them on the dimensions affective valence and arousal, using a paper and pencil version of the selfassessment manikin (Bradley and Lang, 1994) . No time constraints were imposed during the rating and the subjects' viewing time for each picture was recorded.
Electrophysiological Data Collection, Data Reduction and Analyses

Event-related Potentials
The EEG was recorded using an Electrical Geodesics, Inc. 128-channel system, the vertex (Cz) was the recording reference (for the electrode array, see Fig. 2 ). The sampling rate was set at 250 Hz and impedances were kept below 50 kX as recommended by the manufacturer. Data were subjected to a 0.1 Hz high-pass and a 100 Hz low-pass online filters. Artifact-free epochs (196 ms pre-and 600 ms post-stimulus interval) were obtained using the SCADS procedure suggested by Jungho¨fer et al. (2000) . In a subsequent step, data were re-referenced to average reference and additional filtering was applied (high pass: 1--3Hz). The mean number of artifact-free trials per condition was 76 for block 1, 80 for block 2, 80 for block 3 and 81 for block 4.
Given the deep location of C1 sources, as well as the high amount of anatomical variability of primary visual cortex (Van Essen et al., 1998), we decided to rely on voltage data, rather than conducting source-space analyses. Indeed, inspection of the present data on the single-subject level suggests low reliability of topography, but highly consistent timing of the early electrocortical response across individuals. In line with previous reports and the deep location of the C1 generators, a wide spread posterior negativity was observed for each participant in the C1 time range. Artifact-free epochs of 196 ms pre-and 600 ms post-stimulus were averaged separately for each subject, condition and recording block. The mean voltage of a 150 ms segment preceding the onset of the grating stimulus was used for baseline subtraction. Visual inspection of the grand means and the individual averages for each condition revealed six components of interest, and the corresponding time windows were identified. The first three time windows were used to evaluate the ERP response following the grating stimulus (CS-or CS+, presented in the left or right hemifield) and included the following components: C1 (65--90 ms), P1 (120--150 ms) and N1 (160--196 ms). Three additional time windows were used to analyze the ERP deflections that were related to the presentation of checkerboards (baseline and extinction blocks) or affective pictures (conditioning blocks), which occurred at 200 ms after the onset of the grating stimulus. These time ranges will be referred to as bP1 (310--340 ms), bN1 (360--420) and P3 (520--600 ms).
For the purpose of statistical analyses, regional means for the ERPamplitude in the six selected windows were created, using four groups of six electrodes each: left anterior, left posterior, right anterior and right posterior (see Fig. 2 ). This configuration allowed the evaluation of hemisphere effects due to hemifield stimulation, as well as analyses of anterior--posterior shifts in topography. The mean values of the four electrode groups for each component were subjected to an omnibus repeated-measures ANOVA with the factors BLOCK (baseline, conditioning 1, conditioning 2 and extinction), CONDITION (CS+, CS-), HEMIFIELD (right, left), HEMISPHERE (left, right), CAUDALITY (anterior, posterior) and SITE (6 electrodes as shown in Fig. 2 ). Follow-up ANOVAs for each block were conducted where appropriate. In particular, significant effects involving CONDITION in the C1 time range were followed by ANOVAs on an average over parietal electrode sites (immediate neighbors of P3/P4), where the C1 was most pronounced (see results). To correct for violation of the sphericity assumption, Greenhouse--Geisser correction was applied to all repeated-measures ANOVAs. In the following, we report uncorrected degrees of freedom together with corrected P-values, where appropriate.
Startle Response
Startle responses were extracted from the vertical EOG recordings of the right eye by subtracting the data recorded at the upper-eye electrode (no. 8) from the lower-eye electrode (no. 126) (see Fig. 2 ). The 54 startle trials (18 ITIs, 18 CS+ and 18 CS-) obtained per block were edited individually for each participant; artifact-contaminated trials were omitted. The complete data sets of two participants were excluded due to the absence of scoreable startle responses. The startle magnitude was obtained by subtracting the peak amplitude within a 20--120 ms window from the baseline. The absolute values were then standardized within subjects in order to decrease variability, caused by differences in absolute size of the startle response across participants, and were expressed in z-scores. For each recording block, a repeated=measures ANOVA was conducted to test for condition differences in the magnitude of the startle response. Again the Greenhouse--Geisser method was applied where appropriate.
Results
Behavioral Data
Mood Questionnaire (MDBF) The MDBF questionnaire (Steyer et al., 1997) was used to assess the participants' mood changes during the different phases of this experiment. It included scales for the following dimensions: feeling well versus not well, alert versus tired, and calm versus aroused. The participants were asked to complete one of two parallel versions of this questionnaire at five time points during the experiment. A repeated-measures ANOVA with TIME POINT and DIMENSION as within-subject factors and GENDER as a between-subject factor revealed main effects of TIME POINT (F = 4.5, P < 0.01) and DIMENSION (F = 9.4, P < 0.01), as well as a significant TIME POINT 3 DIMENSION interaction (F = 2.5, P < 0.05.). While participants demonstrated similar levels of well-being, alertness and calmness at the beginning of the recording sessions on day 1 and day 2, the reported values for all three scales decreased when measured after the conditioning blocks compared to the baseline block. At the end of the experiment, after recording the extinction block, well-being and calmness increased again, while the reported alertness continued to decrease.
SAM Ratings and Viewing Time
As expected, participants rated the unpleasant pictures (valence: mean = 2.5, SD = 0.8; arousal: mean = 6.6, SD = 0.9) lower in valence [t (59) = -26.3, P < 0.001] and higher in arousal [t (59) = 21.3, P < 0.001] than the neutral pictures (valence: mean = 6.4, SD = 1.0; arousal: mean = 3.0, SD = 0.9). The analysis of the viewing times during the rating procedure revealed no significant differences between the neutral and the unpleasant pictures.
Awareness and Grating Ratings
When asked at the end of the EEG recordings, 16 out of 18 participants (88.9%) were not aware of any systematic relationship between the gratings and the pictures they saw during the conditioning blocks, nine participants reported not to have realized that two different kinds of gratings (45°and 135°) were shown. Nevertheless, 15 participants (83.3%) rated the stimulus used as CS+ as less pleasant than the one used as CS-(Wilcoxontest: P < 0.05). No differences were found in any of the other comparisons, including the two novel gratings (90°and 180°g ratings) used as distracters. An additional 18 age-and gendermatched controls were recruited to assess a priori differences in the affective valence of the four gratings. The analyses revealed no differences between the two grating patterns used as CS+ and CS-in the present study; however, the two distractergratings (not used in the reported experiment, 90°and 180) were rated as less pleasant (P < 0.05) than the 135°-grating.
Startle Responses
No condition differences in magnitude of the startle responses were found for the baseline and the extinction blocks. A reliable modulation was found during the first conditioning block, where participants demonstrated a weaker startle response to the CS-than to the CS+ [F (2,16) = 3.5, P < 0.05]. This differentiation did not reach significance during the second conditioning block, but pointed in the same direction, while amplitudes generally decreased across blocks (Fig. 3) . Figure 4 shows the time course of topographical distribution across all blocks and CS conditions, for stimuli being present in the left (top) or right visual field (bottom). Using the average reference, the distribution of the C1 component started with a negativity contralateral to the stimulus location at~60 ms after stimulus onset. Consistent with a deep calcarine generator, this negativity was widely distributed and shifted towards the ipsilateral hemisphere while increasing in amplitude and giving rise to contralateral P1 at~80--90 ms and a contralateral N1~140 ms after stimulus onset. Statistical analyses were conducted for mean voltages in these time segments, with the C1 time segment encompassing both the initial contralateral negativity as well the ipsilateral part, to increase signal-to-noise of the mean voltage. ERP waveforms at representative electrodes are depicted for each experimental condition in Figure 5 .
ERP Response to the Grating Stimuli
C1: 65--90 ms
The omnibus ANOVA with BLOCK (baseline, conditioning 1, conditioning 2 and extinction), CONDITION (CS+, CS-), HEMI-FIELD (right, left), HEMISPHERE (left, right), CAUDALITY (anterior, posterior) and SITE as within-subject factors revealed a main effect of BLOCK [F (3,17) = 5.9, P < 0.01] with a significantly more negative C1 amplitude during the two conditioning blocks than during baseline and extinction as well as an effect of CAUDALITY [F (1,17) = 8.4, P < 0.05], confirming the expected C1 distribution with negativity at posterior sites and positivity at anterior ones. Across all blocks there was an interaction of HEMIFIELD 3 HEMISPHERE [F (1,17) = 6.6, P < 0.05], the grating stimuli elicited overall stronger negativity at ipsilateral, compared to contralateral sites. This negativity was greater for left than for right hemifield presentation. In addition, a three-way interaction of BLOCK 3 HEMIFIELD 3 HEMISPHERE was observed [F (3,17) = 3.0, P < 0.05], showing that the difference between left and right hemifield presentation was greatest during the baseline block. Summarizing the results of the C1 omnibus ANOVA, a clear effect of experimental context emerged across the four recording blocks: the C1 for all conditions was more negative during the two conditioning blocks than during baseline and extinction. In addition, interaction between presentation site and response site was observed, with a stronger response measured ipsilaterally to the presentation hemifield. All interactions including the factor The distribution of the C1 component started with a negativity contralateral to the stimulus location at~60 ms after stimulus onset. Consistent with a deep calcarine generator, this negativity was widely distributed and shifted towards the ipsilateral hemisphere while increasing in amplitude and giving rise to contralateral P1 at~80--90 ms and a contralateral N1~140 ms after stimulus-onset.
CONDITION were followed up using separate ANOVAs for each block. For the baseline block, a HEMIFIELD 3 HEMISPHERE interaction [F (1,17) = 18.1, P < 0.01] was observed, confirming the above-reported effect found in the omnibus ANOVA. Regarding the first conditioning block, a main effect of CAUDALITY [F (1,17) = 14.3, P < 0.01] was found, reflecting the topography of the C1 component with strong negativity at posterior and weak positivity at anterior sites. In addition, a CONDITION 3 HEMIFIELD 3 HEMISPHERE 3 CAUDALITY interaction [F (1,17) = 6.0, P < 0.05] was observed, showing that the CS+ elicited a more negative response at left and right posterior sites than the CS-, when presented in the right hemifield. When shown in the left hemifield, the CS-tended to elicit less overall positivity than the CS+ across anterior and posterior ipsilateral sites. ANOVA on parietal electrodes showed that negativity was greater for the CS+ in both hemifield conditions [F (1,17) = 5.1, P < 0.05]. During the second conditioning block an effect of CAUDALITY [F (1,17) = 12.5, P < 0.01] similar to the one reported above was observed. In addition a CONDITION 3 HEMIFIELD interaction [F (1,17) = 8.0, P < 0.01] emerged, showing that the CS+ elicited a larger C1 when presented in the right hemifield, while, when presented in the left hemifield, the CS-elicited larger negativity/less positivity across all electrode sites. As opposed to the first conditioning block, this effect held true for both hemispheres. Focusing on parietal sensors during the two conditioning blocks showed a consistent pattern of enhanced posterior negativity for the CS+, compared to CS-[F (1,17) = 4.7, P < 0.05, see Fig. 6 ]. Comparing parietal C1 amplitude across the two conditioning blocks did not yield any significant main effects or interactions involving BLOCK however (Fs < 2.6). No effects involving condition were found for the extinction block.
During baseline and extinction no condition effects for the C1 were found. Differences between the early electrophysiological response following the CS+ and the CS-emerged during the first conditioning block, where the overall topographic pattern differed across the two hemispheres and depended on the presentation site of the conditioned stimuli. In contrast, parietal negativity, where C1 negativity was most pronounced, showed enhancement for CS+, compared to CS-. During the second conditioning block, the influence of presentation site remained significant; the effects of condition, however, spread across both hemispheres alike. These effects are summarized in Figure 7 , showing the time course of difference topographies for CS+ minus CS-across presentation sites. While differences are small, greater and more widespread negativity for the CS+ can be seen at~70 ms in the second conditioning block. However, it must be noted that this difference did not reach significance. Thus, early amplification did not habituate over the time range examined here, and did build up within the first conditioning block.
P1: 120--150 ms
The omnibus ANOVA revealed main effects of BLOCK [F (3,51) = 5.6, P < 0. 01] and CAUDALITY [F (1,17) = 36.7, P < 0.01], as well as a BLOCK 3 CAUDALITY interaction [F (3,51) = 4.6, P < 0. 01]. As expected, the P1 distribution was characterized by posterior positivity and weaker anterior negativity. At posterior sites, the P1 amplitude was greater during the baseline and extinction blocks, as compared to the two conditioning blocks. There were no differences at anterior sites. A HEMIFIELD 3 HEMISPHERE interaction [F (1,17) = 21.9, P < 0.01] was also found, and the eccentric grating presentation elicited a stronger P1 response in the ipsilateral hemisphere than in the contralateral one. No interactions with condition were observed, and thus no follow-up ANOVAs were conducted.
N1: 160--200 ms
For the N1 component a main effect of BLOCK [F (3,51) = 4.6, P < 0.01] and a BLOCK 3 CAUDALITY interaction [F (3,51) = 8.1, P < 0.01] were observed. At posterior sites, the N1 was more negative for the two conditioning blocks than for the baseline and the extinction block. There was also a HEMIFIELD 3 HEMISPHERE interaction [F (1,17) = 10.1, P < 0.01], the grating stimuli elicited a greater negative response in the contralateral hemisphere compared to the ipsilateral one.
ERPs in Response to the Unconditioned Stimuli (UCS)
At 200 ms after onset of the grating stimuli (CS+ and CS-), a centrally presented checkerboard (in the baseline and the extinction blocks) or an affective picture (conditioning 1 and 2) appeared on the screen for 400 ms. The following three time windows were used to evaluate the ERP response to these stimuli.
bP1: 310 --340 ms
For the P1 component following the checkerboards or affective picture presentation (called here bP1), a main effect of BLOCK [F (3,51) = 4.2, P < 0. 01] was found, showing that the amplitude of the bP1 was smaller following the affective pictures during the two conditioning blocks than following the checkerboards in the baseline and in the extinction blocks. The main effect of CAUDALITY [F (1,17) = 7.7, P < 0.05] was due to the expected greater positivity at posterior sites than at anterior ones. A HEMIFIELD 3 HEMISPHERE interaction [F (1,17) = 13.3, P < 0. 01] was also observed: when the grating stimulus (CS) was presented in the right hemifield, the centrally presented UCS elicited a lateralized response with stronger left hemisphere positivity and vice versa: CS presentation in the left hemifield led to a stronger right hemisphere positivity in response to the UCS. Interactions with the factor CONDITION were followed up with separate ANOVAs for each block. As the UCS differed for baseline and extinction versus the conditioning blocks, they were not directly comparable.
For the baseline block, a main effect of CAUDALITY [F (1, 17) = 5.6, P < 0. 05] illustrated the bP1 surface distribution with posterior positivity. The above-reported HEMIFIELD 3 HEMI-SPHERE interaction [F (1,17) = 7.0, P < 0.05] was also present. For the first conditioning block, analyses of the bP1 amplitude revealed the expected CAUDALITY effect [F (1,17) = 7.5, P < 0.05] and stronger HEMIFILED 3 HEMISPHERE [F (1,17) = 20.1, P < 0.001] interaction than in the baseline block. In addition, CONDITION 3 HEMISPHERE [F (1,17) = 4.3, P < 0.05] and CONDITION 3 CAUDALITY [F (1,17) = 5.2, P < 0.05] interactions were observed. The unpleasant pictures elicited a significantly bigger bP1 response at posterior, right hemispheric sensors than did the neutral pictures. A three-way CONDITION 3 HEMIFIELD 3 CAUDALITY interaction [F (1,17) = 10.5, P < 0.01] showed that the condition differences at posterior sites were biggest when the CSs were presented in the left hemifield. During the second conditioning block, the same effects and interactions as in the first one were observed with an additional significant CONDITION 3 HEMIFIELD interaction [F (1,17) = 6.7, P < 0.05], showing again that the unpleasant pictures elicited a larger bP1 amplitude when the CS+ preceding them was shown in the left visual hemifield. In the extinction block a main effect of CAUDALITY [F (1,17) = 7.6, Figure 7 . Grand mean difference topographies (n = 18) for CS+ minus CS-, averaged across presentation sites. Greater C1 negativity for the CS+ can be seen at~70 ms. This difference in negativity was more widespread in the second conditioning block (bottom panel). P < 0.05] with greater positive amplitude at posterior leads was observed. Also, a HEMIFIELD 3 HEMISPHERE 3 CAUDALITY interaction [F (1,17) = 5.1, P < 0.05], showing that the P1 amplitude as response to the UCS at right posterior leads was greater when the CSs were presented in the left hemifield than in the right one.
For the bP1 component following the centrally presented checkerboards during baseline and extinction, and affective pictures during the two conditioning blocks, we observed effects of presentation site of the preceding grating stimuli. These effects were stronger during the two conditioning blocks than during baseline and extinction. In addition, effects of affective content during the conditioning blocks were found: the unpleasant pictures elicited greater bP1 than the neutral ones. This effect was strongest at right hemispheric posterior sites when the CS+ preceding the unpleasant picture was presented in the left hemifield.
bN1: 360--420 ms
The omnibus ANOVA revealed the main effects of BLOCK [F (3,51) = 28.9, P < 0.001] and CAUDALITY [F (1,17) = 33.0, P < 0.001], as well as a BLOCK 3 CAUDALITY interaction [F (3,51) = 18.6, P < 0.001]. The bN1 amplitude in response to the UCS was significantly more negative during baseline and extinction than during the two conditioning blocks, and had the expected surface distribution with negativity at posterior and positivity at anterior sensors. The block differences applied to the posterior negativity, but not to the anterior positivity of the bN1 component. In addition, a HEMIFIELD 3 HEMISPHERE interaction [F (1,17) = 42.0, P < 0.001] showed that the bN1 component was bigger at left hemispheric sensors than at right hemispheric ones when the CSs were presented in the left visual field. The interactions with CONDITION were followed up with separate ANOVAs for each block.
For the baseline block, the above-reported effect of CAU-DALITY [F (1,17) = 37.7, P < 0.001] and the HEMIFIELD 3 HEMISPHERE [F (1,17) = 24.1, P < 0.001] interactions were confirmed. Beside the CAUDALITY [F (1,17) = 6.3, P < 0.05] and the HEMIFIELD 3 HEMISPHERE [F (1,17) = 4.2, P < 0.05] effects explained above, a CONDITION 3 HEMIFIELD 3 CAUDALITY [F (1,17) = 5.0, P < 0.05] interaction was found in the first conditioning block and showed that the bN1 to the unpleasant pictures (UCS) was more negative than to the neutral ones at posterior leads when the CSs were presented in the right visual hemifield, whereas when the CSs were presented in the left visual field no significant differences were found. During the second conditioning block a CAUDALITY effect [F (1,17) = 9.7, P < 0.01] was observed. Similar effect of CAUDALITY [F (1,17) = 56.8, P < 0.001] and HEMIFIELD 3 HEMISPHERE [F (1,17) = 20.1, P < 0.001] interaction as in the baseline block were found during extinction.
Similar to the effects found for the bP1 response, for the bN1 component we observed effects of presentation site of the preceding grating stimuli in all four recording blocks. In the first conditioning blocks, we also found effects of affective content, with unpleasant pictures eliciting greater bN1 than neutral ones.
P3: 520 --600 ms
The omnibus ANOVA revealed a main effect of BLOCK [F (3, 51) = 12.3, P < 0.001], as well as BLOCK 3 CAUDALITY [F (3,51) = 5.3, P < 0.01] and BLOCK 3 HEMISPHERE [F (3,51) = 6.0, P < 0.01] interactions. The P3 showed the expected distribution with posterior positivity. It was more positive in the baseline and in the extinction blocks when checkerboards were presented than during the two conditioning blocks, following presentation of affective pictures. The block differences were more pronounced over the left than over the right hemisphere. A HEMIFIELD 3 HEMISPHERE interaction [F (1,17) = 8.8, P < 0.01] was also found: the P3 to the UCS had greater positive amplitudes at left hemispheric sensors than at right ones, when the CS preceding the UCS was presented in the left visual hemifield.
A main effect of CONDITION, as well as all interactions with condition, were followed up with separate ANOVAs for each block, as the UCSs were checkerboards during baseline and extinction and affective pictures during conditioning. No significant main effects or interactions were found in the baseline block. In the first conditioning block a main effect of HEMISPHERE [F (1,17) = 8.3, P < 0.05] and a CONDITION 3 HEMISPHERE [F (1,17) = 6.6, P < 0.05] interaction were found. The P3 was more positive at left hemispheric sites; however, only over the right hemisphere were significant differences found between the unpleasant and the neutral pictures, with the unpleasant stimuli eliciting more positive P3 than the neutral ones. During the second conditioning block we observed the reported above main effect of CAUDALITY [F (1,17) = 10.1, P < 0.01] and HEMIFIELD 3 HEMISPHERE interaction [F (1,17) = 5.6, P < 0.05], as well as a main effect of CONDITION [F (1,17) = 7.3, P < 0.05] and a CONDITION 3 CAUDALITY [F (1,17) = 6.1, P < 0.05] interaction. At posterior sites the unpleasant pictures elicited a more positive response than the neutral ones, over both hemispheres. No condition effects were found for the extinction block. A main effect of HEMISPHERE [F (1,17) = 9.3, P < 0.01] and a HEMIFIELD 3 HEMISPHERE interaction [F (1,17) = 9.1, P < 0.01] showed that the response to the checkerboards was generally more positive over left hemispheric sites, this effect was strongest when the grating preceding the centrally presented checkerboard appeared in the left visual hemifield.
For the P3 component effects of presentation site were observed, similar to those reported for the bP1 and the bN1 components. We also found a greater P3 for the unpleasant pictures than for the neutral ones, in the first conditioning block predominantly over the right hemisphere, in the second one over both hemispheres alike.
Discussion
We set out to examine the modulation of early visual ERPs as a result of affective learning, hoping that this would let us gain a better understanding of the processes and structures involved in rapid affective evaluation of visual stimuli. We focused on the earliest visual component (C1), which is thought to be generated in the primary visual cortex and is known to peak at~65--90 ms (Martinez et al., 1999) . The experimental manipulation was designed to elicit a measurable C1 and to allow for an evaluation of its changes, both between two originally neutral stimuli, gaining divergent affective meanings through classical conditioning and losing it again in an extinction procedure, as well as within the same stimulus across a learning continuum from a baseline measure through two consecutive conditioning blocks to an extinction block. As we aimed to study conditioning within the visual modality, we used affective pictures as unconditioned stimuli.
The behavioral results indicated that the conditioning protocol was effective, even though pictures can be regarded as relatively weak unconditioned stimuli. After conditioning, participants were more likely to rate the originally neutral grating stimulus used as CS+ as less pleasant than the one used as CS-. As expected, they also rated the unpleasant pictures as more arousing and more unpleasant than the neutral ones. The majority of participants were not aware of the contingencies associated with conditioning. In addition to the behavioral ratings, we recorded participants' startle responses and ERP responses in each of the experimental blocks (Fig. 3) . The startle responses were used to directly assess the success of conditioning by means of the fear-potentiated startle procedure (Hamm and Vaitl, 1996; Koch, 1999) . During baseline and extinction, no differentiation between the startle responses to the CS+ and CS-presentation was observed. In the first conditioning block, the startle elicited during CS-presentation was significantly weaker than that elicited during CS+ presentation (Fig. 3) . In the second conditioning block, the pattern of discrimination remained similar, although the magnitude of the startle response across all three conditions (CS+, CS-and ITI) decreased and the difference between CS+ and CSconditions failed to reach significance. This may be due to several factors, including habituation effects, small group size, or the fact that we indirectly monitored the startle responses using vertical EOG, rather than using electrodes directly attached over the musculus orbicularis oculi. Nevertheless, we regard the startle results as evidence that conditioning within the visual modality occurred, even in the absence of awareness concerning the experimental manipulation.
With regard to the C1 ERP component, which was of critical interest in our study, we observed the typical C1 response having widespread distribution over the occipito-parietal part of the scalp. As shown, for example, by Di Russo et al. (2002) , the C1 component originates in the striate cortex (area 17 in the primary visual cortex). While the primary cortical response was stronger and earlier contralateral to the locus of stimulus presentation, negativity moved to ipsilateral sites, giving rise to contralateral positivity of the P1 component. Overall, the morphology and the topography of the C1 visual ERP component elicited in this study (Figs 4 and 5) were very similar to those reported in previous studies on early visual selective attention and perceptual processing (Gomez Gonzalez et al., 1994; Hillyard and Anllo-Vento, 1998; Di Russo et al., 2003) , where it has been convincingly demonstrated that the C1 is not affected by spatial-and feature-based attention when simple neutral stimuli are used. We did, however, find reliable modulations based on the acquired affective content of the conditioned stimuli. Importantly, the C1 was more negative during all the conditioning blocks, indicating that providing a motivationally relevant context enhanced early visual processing. Theoretically, this may relate to the fact that both CS-and CS+ obtain predictive value by contingent presentation with different UCS stimuli and thus both gain affective relevance. Similar findings have been obtained with pleasant and unpleasant affective stimuli, which were reported to elicit greater visual N1/P2/P3 responses, compared to affectively neutral stimuli (e.g. Keil et al., 2002) .
While there were no differences between the C1 components elicited by the two grating patterns (i.e. CS+ and CS-) during the baseline and the extinction blocks, differentiation of the CS+ and the CS--was found in the two conditioning blocks (see Figs 6 and 7) . The CS+ elicited a more negative C1 deflection than the CS-at parietal electrode sites throughout the conditioning blocks. There was small and indirect evidence of increasing differentiation between CS+ and CS-from the first to the second conditioning block, as the effects were more widespread across recording sites. Directly testing this difference at parietal sites however did not show an interaction between BLOCK (conditioning 1 and 2) and CONDITION (CS+ and CS-) . This in turn suggests that cortical facilitation for the most relevant stimulus appeared early in the first conditioning block and did not habituate during the experiment.
The observed strong main effect of CONDITION provided evidence that learned affective arousal associated with originally neutral stimuli can lead to a modulation of the earliest measurable electrophysiological response as indicated by the C1. These results are in agreement with three recent studies that report similar modulations of early visual responses using faces as stimuli. For instance, Eger et al. (2003) have demonstrated that an early VEP component with a latency of 80--90 ms is sensitive to the emotional content of facial expression. Pourtois et al. (2004) showed modulation of the C1 component, with fearful faces eliciting a more negative response than happy faces. In a similar vein, early MEG response, possibly originating in the calcarine fissure, may be sensitive to emotional facial expressions (Halgren et al., 2000) . As Pourtois et al. (2004) point out, the lack of a greater number of previous reports on C1 modulations depending on valence or arousal might be partially due to the fact that emotional stimuli have often been presented centrally, or along the horizontal meridian, which cancels out this relatively small component having a retinotopic topography.
In this study, we used eccentric presentation in the upper visual field and high-contrast black and white stimuli. This enabled us to elicit a stable C1 component and analyze its changes along a learning continuum. We did not find modulation of the C1 component during baseline and extinction in this study, which, together with the consistent previous reports showing no modulation of the C1 with spatial attention tasks (and with the recent findings of C1 modulations depending on emotional facial expressions), suggests that the learned affective meaning of the stimuli can influence early visual processing. In terms of the time course of C1 modulation during conditioning, we did not observe a CS+-related increase of amplitude across conditioning blocks. This suggests that the process mediating enhanced sensitivity of visual cortex as indexed by the C1 ERP component developed during the first block, which encompassed 240 trials. Additional support for this notion comes from the startle data, showing potentiation for the CS+ specifically during the first conditioning block. As reported above, there was pronounced variability in the topographical distribution of C1 across participants and conditions. Across the full electrode set, condition differences varied with the presentation site of the CS and changed in topography across the two conditioning blocks, representing two factors that might have contributed to the fact that no BLOCK interactions with CONDITION were found in the omnibus ANOVA. It is possible that the presence of affective pictures, some of them highly arousing and unpleasant, contributed to these lateralization differences (see below for a more detailed discussion regarding the context effects on all recorded components).
In terms of the P1 and the N1 ERP components elicited by the grating stimuli, previous studies report reliable selective attention modulations of these components (Gomez Gonzalez et al., 1994; . Valence and arousal modulations have also been repeatedly observed (Keil et al., 2002; Schupp et al., 2003; Delplanque et al., 2004) . Although we were able to measure the P1 and N1 visual components showing the expected topography, morphology and reliable effects of presentation site, we did not find condition-dependent differentiation between the CS+ and the CS-in any of the recording blocks. As mentioned above, our stimuli and presentation parameters were chosen specifically to elicit the C1 component and were thus not ideally suited to measure modulations of the P1 and N1 components. Studies showing arousal modulations of the P1 and N1 components mostly use very salient, relatively big and often colorful, centrally or parafoveally presented affective pictures (Keil et al., 2002; Schupp et al., 2003) . In contrast, our conditioned stimuli were small black and white gratings and were presented in the periphery of the visual field.
In addition to the ERP response following the CS+ and CS-, we also examined the electrophysiological brain response following the centrally presented UCSs (neutral checkerboards during baseline and extinction and affective pictures in the two conditioning blocks). As expected, no differentiation was found between the checkerboard patterns in the baseline and in the extinction block. In the two conditioning blocks, we observed bigger bP1, bN1 and P3 components for the unpleasant pictures, compared to the neutral ones, replicating previous studies on affective processing (Palomba et al., 1997; Lang et al., 1998; Keil et al., 2002; Schupp et al., 2003) . These effects were ipsilateral to the presentation site of the preceding grating stimulus. This was suprising, given that the UCSs were presented centrally, with participants fixating on a small cross in the middle of the stimuli while no evidence for lateralized eye movements was found in trials retained for averaging. It appears that the CSs were implicitly attracting participants' attention. During the two conditioning blocks, however, the general hemifield effects were stronger than during baseline and extinction, suggesting increasing attraction of attention by the CSs when learning was taking place or in the context of affective stimuli presentation. In addition, we found lateralized condition differences for the bP1 and bN1 components. The differentiation between unpleasant and neutral pictures at the bP1 was greatest when the gratings preceding them were presented in the left hemifield. The opposite applied to the bN1 component showing differences between the affective categories specifically when the CSs were presented in the right hemifield. P3 amplitudes were independent from the presentation site of the gratings, although they were found predominantly over the right hemisphere.
In addition to the condition-specific differentiations, we observed stable effects of recording context for all analyzed ERP components. When comparing the same condition across the four experimental blocks, the elicited responses during baseline and extinction were very similar to each other in morphology and topography (see Fig. 5 ), although recorded on two consecutive days. The same similarity was found for the responses elicited during the two conditioning blocks. When presentation of affective pictures (as opposed to checkerboards) was expected, the electrophysiological response to the grating stimuli (CS+ and CS-) preceding those pictures was characterized by enhanced C1 and N1 amplitudes and reduced P1 amplitude. Context effects, specifically for the early components elicited by the grating stimuli, provide evidence that the observed condition differences may not be attributed to effects of fatigue or habituation. They also suggest that the extinction procedure was effective. In addition, they might indicate a general arousal or attention induced activation during the conditioning blocks. Such a process was suggested, for example, in a recent functional magnetic resonance imaging study (Downar et al., 2001) for behaviorally relevant context features. This, however, needs to be investigated further in future experiments.
With the present study we provide direct evidence for a modulation of the C1 visual component by conditioned stimuli. The aversive conditioning occurred within the visual system and might have led to a short-term reorganization of the early sensory processing, allowing for a differentiation between CS+ and CS-65-90 ms after stimulus onset. Conditioned stimuli can be considered threat-related and thus belong to a class of stimuli likely to capture attention automatically (LeDoux, 2003; Koster et al., 2004) . It has been previously shown that perception for motivationally or emotionally relevant stimuli is associated with increased cortical activity (Keil et al., 2002; Phan et al., 2002; Schupp et al., 2003; Smith et al., 2003; KrolakSalmon et al., 2004) . As a possible mechanism, it has been hypothesized that the increased activation in perceptual cortices might be due to re-entrant feedback, linking subcortical and higher cortical structures with perceptual areas (Martinez et al., 2001; Vuilleumier and Schwartz, 2001; Amaral et al., 2003) . While this is likely in the initial stages of contingency acquisition, we think that, with increasing consolidation, a direct involvement of the primary visual areas in arousal or valence differentiation is possible. We demonstrate that conditioned stimuli can modulate the initial sensory component in the human visual cortex. Even though this component is not modulated by spatial attention tasks, it appears sensitive to affective connotation of visual stimuli. Because of its short latency, it is unlikely to be directly influenced by cortical or subcortical feedback occurring on a single-trial time scale. This points to the important role of sensory plasticity in early attention for emotional stimuli. Our findings suggest that early sensory processing can also reflect affective information or motivational relevance. Whether the involved neural networks have come to expect affective components or simply tag the importance of the incoming information is an important question for future studies.
